A new posterior sensory organ (PSO), located at the dorsal midline of the hyposphere, is described by immunocytochemical detection of acetylated atubulin and serotonin (5-HT) in a laser-scanning microscope, as well as three-dimensional reconstructions after optical serial sectioning in the trochophore larva of the polychaete Phyllodoce maculata (Phyllodocidae). The unpaired PSO consists of five bipolar sensory cells, two of them being 5-HT immunopositive, which send axons to the cerebral ganglion and prototroch nerve. The dendrites of these cells project to the surface and bear one cilium each. A single neuronal fibre from the apical sensory organ innervates the PSO.
INTRODUCTION
Regarded as a common ancestral form for all Trochozoa, trochophores have long been a focus of comparative studies in anatomy, systematics and evolution (see Nielsen 2001) . Despite their microscopic size and relatively simple structure, trochophores display a considerable repertoire of complex behavioural action patterns that are mediated by a centralized nervous system and peripheral sensory receptors (Kempf et al. 1997) . Studies on neuronal development in larval Trochozoa have shown that they possess a well-developed nervous system, which generally includes several centres: cerebral ganglia, ventral cords and prototroch nerve (A Ê kesson 1967; Lacalli 1981 Lacalli , 1984 Lacalli , 1986 Barlow & Truman 1992; Kempf et al. 1992; Hay-Schmidt 1995; Dickinson et al. 2000; Voronezhskaya et al. 2002 Voronezhskaya et al. , 2003 . This system obviously has to detect and process incoming environmental stimuli. Meanwhile, the only well-described trochophore sensory structure is the apical sensory organ (Conklin 1897; Lacalli 1981 Lacalli , 1984 Kempf et al. 1997; Page 2002) .
Until recently, detailed neuroanatomical studies on invertebrate larvae were limited by their small size and nervous structures, being sometimes beyond the resolution of optical microscopy. Transmission electron microscopy can sample only small parts of a larva, so key concentrations of neurons can be missed if their location is not already known (Lacalli & Gilmour 2001) . Modern confocal laser-scanning microscopy (CLSM), in combination with highly sensitive and selective neuronal markers and bright, photo-stable fluorescent probes, solve the problem and allow the study of the whole nervous system at the level of single neurons.
We used the advantages of CLSM for the detailed study of neurogenesis in various trochozoan animals (Voronezhskaya et al. 1999 (Voronezhskaya et al. , 2002 (Voronezhskaya et al. , 2003 , and, in the course of a study on larval neurogenesis, we encountered a sensory organ in the dorso-posterior region of the polychaete Phyllodoce maculata that, as far as we are aware, was previously unknown. This organ is described herein in detail by means of immunochemical detection of serotonin (5-HT) and acetylated a -tubulin combined with CLSM, as well as standard light microscopic reconstruction of serial sections.
MATERIAL AND METHODS
Adult specimens of P. maculata L., 1767 were collected in the Chupa Bay, White Sea (Marine Biological Station of the St Petersburg University) and kept in pairs in aerated aquaria. After spawning, egg cocoons were kept in Petri dishes in filtered sea water (FSW) at 14-15°C. Hatchlings were kept in FSW (one to two animals per millilitre). Trochophores were fixed in 4% paraformaldehyde in 0.2 M phosphate buffer (PB; pH 7.4) for 4 h at 14-15°C, washed in PB, transferred into 30%, 50% and 70% ethanol and stored at 220°C. For immunochemistry, larvae were washed in PB (3´20 min) and incubated in a mixture of anti-5-HT (DiaSorin, USA, no. 20091, polyclonal, rabbit, diluted 1 : 2000) and anti-acetylated a -tubulin (Sigma, USA, T-6793, monoclonal, mouse, 1 : 1000) primary antibodies (ABs) in PB with 10% normal goat serum, 0.25% bovine serum albumin, 1% Triton X-100 (TX) and 0.03% sodium azide for 3 days at 10°C. The specimens were washed in PB, incubated in a mixture of goat anti-rabbit Alexa 488 immunoglobulins (IgG) and goat anti-mouse Alexa 546 IgG (Molecular Probes, USA, A-11008 and A-11003), both diluted 1 : 800 in PB-TX, overnight at 10°C. The specimens were washed in PB, immersed in 60% glycerol in PB and mounted on glass slides. If necessary, 5 m g ml 2 1 of propidium iodide (PI, P4170, Sigma, USA) was added to the mounting medium to label cell nuclei.
The specimens were examined with an LSM-510 laser-scanning microscope (Carl Zeiss, Germany) with appropriate wavelength-filter configuration settings (100 embryos at each developmental stage). Three-dimensional, rotatable reconstructions were produced by using LSM-510 software. For illustrations, maximum-intensity projections of optical sections were prepared. Controls included replacement of the primary ABs with non-immune serum and preincubation of anti-5-HT ABs overnight with 5-HT-bovine serum albumin (BSA) conjugate (Voronezhskaya et al. 2002) . No specific staining was observed in control preparations. Reversal of the fluors conjugated to secondary ABs gave identical results.
For serial sectioning, the specimens were dehydrated through an ethanol series followed by propylene oxide, embedded in Poly/Bed 812 (Polysciences, USA), sectioned at 2 m m with an LKB-4 ultratome (LKB, Sweden) using glass knives, stained with methylene-blue and then examined and photographed with an Axiovert 200 microscope equipped with a digital camera. Four complete series of hatchlings were analysed.
RESULTS
An unpaired posterior sensory organ (PSO) was constantly detected at the dorsal midline of the hyposphere in trochophores of P. maculata starting from hatching (figure 1a,b). It comprised five bipolar sensory cells, two of which were 5-HT immunoreactive (IR) and sent basal fibres to the circular nerve running under the epithelium of the prototroch (prototroch nerve). Each of the five cell bodies (determined by propidium iodide DNA staining) had a single apical dendrite, which projected to the surface and bore a single cilium ( figure 1b-d) . Thus, the surface tuft always contained five cilia. The axonal processes of the two 5-HT IR cells (consistently a branched axon of cell 1 and two independent axons of cell 2) entered the prototroch nerve, and the fibres of each cell ran in both direc-S160 L. P. Nezlin and E. E. Voronezhskaya Trochophore posterior sensory organ Trochophore posterior sensory organ L. P. Nezlin and E. E. Voronezhskaya S161 In the course of development, immunoreactivities to both 5-HT and tubulin in the PSO gradually disappeared. Two days after hatching, anti-tubulin labelling weakened and the 5-HT IR cell 2 became undetectable (figure 1g). Five days after hatching (late trochophore-early metatrochophore stage), the whole PSO became undetectable, and only degenerating remnants of it could be seen in 20% of the specimens (figure 1h). At the later stages, no remnants were found.
The structure of the PSO was further confirmed by reconstructions of serial sections. A group of five elongated neuron-like cell bodies was consistently found in this region below the epithelium (figure 2a) sending dendrites to the surface, and axons to the base of the prototroch (figure 2b).
DISCUSSION
The structure described above is undoubtably a sensory organ. The set of characteristic features, bipolar cells bearing cilia and sending axonal fibres to the CNS, 5-HT immunolabelling and dense concentration of microtubules in both dendritic and axonal processes, unambiguously points to its sensory nature (figure 2c). None of our data suggest a photoreceptive function, so the PSO is probably chemo-or mechanosensory.
No structures similar to the PSO have previously been described in trochozoan larvae. In polychaete trochophores, only the apical organ and ventral pretrochal sensory cell are known (A Ê kesson 1967; Lacalli 1981 Lacalli , 1984 Lacalli , 1986 Hay-Schmidt 1995; Voronezhskaya et al. 2003) . In chiton larvae, transient dorsolateral sensory cells were described, but these cells are pretrochal, paired and FMRFamide immunopositive (Haszprunar et al. 2002; Voronezhskaya et al. 2002) . Post-trochal peripheral neurons occur in larval gastropods, but they are solitary FMRFa IR cells, which appear at much earlier stages and have a different morphology and projection pattern (reviewed by Croll 2000) . By contrast, no FMRFa immunoreactivity is detected in the PSO of P. maculata, while in the other parts of the trochophore, peripheral FMRFa immunopositive cells are abundant (Voronezhskaya et al. 2003) .
Dorsal epidermal sensory structures (nuchal organs) are known in adult polychaetes (e.g. Purschke 1997; Jelsing 2002) , but their location and morphology are, basically, different. These differences, together with the fact that both 5-HT and tubulin immunoreactivities in the PSO disappear during the beginning of metamorphosis, indicate that the PSO is not a rudiment of the nuchal organ but a specifically larval sensory structure.
Bipolar neurons that bear cilia, contain serotonin, innervate the main locomotory structures (velum or prototroch) and disappear after metamorphosis have been described in the apical organ of various trochozoan larvae including P. maculata, and a sensory-motor function for these cells has been proposed (Lacalli 1986; Kempf et al. 1997; Page & Parries 2000; Kuang & Goldberg 2001; Voronezhskaya et al. 2002 Voronezhskaya et al. , 2003 . The two 5-HT immunoreactive cells of the PSO have the same features and the same fate although they are located at the back of the trochophore. Nonetheless, the two organs are obviously connected, as indicated by the linking neuronal fibre.
Transmitter content of the other three neurons in the PSO is unknown. Two of them do not extend axons to the prototroch nerve, but instead project axons into the developing cerebral ganglion. Thus, the PSO is directly connected to the main larval locomotory structure, the prototroch, and at least two main nerve centres, the apical organ and the cerebral ganglion. The function of the PSO is, as yet, unclear; however, it may be said that the PSO is a transient larval sensory structure restricted to the planktonic phase of the life cycle of Phyllodoce.
